The concentration of free indoleacetic acid (IAA) is high in cotton (Gossypium hirsutum L.) fruiting forms before anthesis, but is low at and for a few days after anthesis. Amide-linked and ester IAA were measured in fruiting forms at 9, 6, and 3 days before anthesis; at anthesis; and at 2, 4, 7, and 9 days after anthesis to determine if free IAA decreased because it was converted to a conjugated form. Cotton (Gossypium hirsutum L.) fruiting forms rarely abscise during the week before anthesis (12, 22), but are most susceptible to abscission during the week after anthesis (16, 22) . Abscission rate then decreases with increasing fruit (boll) age until it is essentially zero at 18 d after anthesis (15, 16) .
Cotton (Gossypium hirsutum L.) fruiting forms rarely abscise during the week before anthesis (12, 22) , but are most susceptible to abscission during the week after anthesis (16, 22) . Abscission rate then decreases with increasing fruit (boll) age until it is essentially zero at 18 d after anthesis (15, 16) .
Because exogenous IAA delays or prevents abscission (2, 7), we measured the concentration of free IAA in fruiting forms from 9 d before until 9 d after anthesis (18) . The concentration of free IAA decreased about 80% during the 6 d before anthesis, remained low for the next 4 d, and then increased rapidly between 7 and 9 d after anthesis. Abscission rate increased rapidly after anthesis to a maximum at 5 and 6 d postanthesis. it then decreased as free IAA increased. Because these changes in free IAA were inversely correlated with changes in fruiting-form abscission, we suggested that the high concentration of IAA in large flower buds inhibited abscission before anthesis, whereas the low concentration at and for 4 d after anthesis promoted abscission of young bolls (18) .
A decrease in the concentration of free IAA could result from decreased synthesis, increased destruction, export, conversion to another form, or a combination of these possible events. We measured the concentrations of ester and amidelinked IAA before, at, and after anthesis to see if the decrease in free IAA was associated with a similar increase in either of the conjugated forms.
MATERIALS AND METHODS

Plant Material
Cotton (Gossypium hirsutum L.), cv Deltapine 61,' was grown in a field at the Western Cotton Research Laboratory in Phoenix as reported earlier (18) . Flower buds were harvested 9, 6, and 3 before anthesis; flowers were harvested at anthesis; and bolls were harvested 2, 4, 7, and 9 d after anthesis. All fruiting forms (buds, flowers, and bolls) were harvested the same day to minimize possible differences due to any change in environment. The fruiting forms were rinsed in cold water, quickly frozen at -80°C, and lyophilized. (8) . Portions of the methylated IAA were chromatographed on a fused silica capillary column in a Hewlett Packard model 5970 GC-MS operated in the SIM2 mode (1 1).
The IAA contents were determined by monitoring ions at m/ z 130, 136, 189, and 195 as described by Cohen et al (10) .
RESULTS AND DISCUSSION
The decrease in free IAA just before anthesis that we reported earlier (18) could not be accounted for by a concur2Abbreviation: SIM, selected ion monitoring. rent increase in either conjugated form. The concentration of ester IAA increased only 79 ng g-' during the 6 d before anthesis while the concentration of free IAA decreased 500 ng g-' (Table I ). The concentration of amide-linked IAA did not increase but, instead, decreased about 18,000 ng g-' during the same time. The decrease in amide-linked IAA was much greater than the decrease in free IAA both in absolute amount and in relative change. We found a 5-fold decrease in free IAA and a 16-fold decrease in amide IAA during the 6 d before anthesis. Therefore, the percentage ofthe total IAA that was in the free form increased from 3.1% at 6 d before anthesis to 8.7% at anthesis even though the amount of free IAA decreased (Table I) . Percentage of the total IAA present as free IAA reached a maximum 2 d after anthesis because total IAA reached a minimum at that time. Free and ester IAA then increased. Because ester IAA increased faster than free IAA the percentage of IAA in the free form decreased.
Total IAA per fruiting form decreased from a maximum at 6 d before anthesis to a minimum 2 d after anthesis (Fig. 1) , mainly because of the large decrease in amide IAA (Table I) . Total IAA then increased, slowly at first and then rapidly between 7 and 9 d after anthesis (Fig. 1) , mainly because of the large increase in ester IAA (Table I) .
Large flower buds almost never abscise unless they are injured (12, 22 (Table I) .
Young bolls contained relatively little IAA (Table I and Fig. 1 ) and they are very susceptible to abscission (15, 16, 22) . Most fruiting-form abscission occurs during the 10 days immediately after anthesis, with peak rates occurring 5 to 6 d after anthesis (16, 22) . Boll abscission rate starts decreasing rapidly about 7 d after anthesis (16) at a time when IAA content of bolls is increasing rapidly (Table I and Fig. 1 ). The week immediately following anthesis appears to be a critical time in the development of each young boll because its IAA content is naturally low during this stage of development. Stresses, such as water deficit or an inadequate supply of photosynthate, were shown to decrease the free IAA content of young bolls and their abscission zones to even lower values and increase the percentage that abscised (17) . Large flower buds and older bolls are much less likely than young bolls to abscise during periods of stress (12, 16, 22) , probably at least in part because they contain much higher concentrations of IAA.
Because IAA promotes cell elongation (14) , high concentrations before anthesis may stimulate rapid growth of the corolla. Very rapid growth of the corolla occurs during the 2 d just before anthesis. Likewise, evidence has been reported that IAA stimulates elongation ofthe epidermal cells on seed coats that become cotton fibers (4, 20) . The maximum rate of fiber elongation occurs between 8 and 10 d after anthesis (20) , a time when the free and ester IAA contents of bolls are high (Table I) .
Amide-linked IAA was the major form of IAA in flower buds, whereas ester IAA was the major form in bolls (Table  I) (24, 26, 27) . Reinecke and Bandurski (24) showed that IAA can be oxidized to oxindole-3-acetic acid in Zea mays. Tsurumi and Wada (26) identified 3-(O-,3-glucosyl)-2-indolone-3-acetylaspartic acid as a metabolite of IAA in Vicia. They subsequently reported that this compound and 3-hydroxy-2-indolone-3-acetylaspartic acid were derived by the in vivo oxidation of indole-3-acetylaspartic acid, an amide-linked form of IAA (27) . Thus, it appears that both free and amide-linked IAA can be oxidized to other compounds. Additional research will be required to determine whether that happens in cotton flower buds. Because of the high concentration of amide-linked IAA in flower buds and its rapid disappearance before flowering, cotton flower buds should provide suitable test material for investigating the roles and metabolism ofamide-linked IAA. If free IAA disappeared because it was converted to conjugated forms they must have been metabolized to other compounds because amide-linked IAA decreased even more than free IAA as the flower buds approached anthesis, and there was only a minor increase in the ester form. The measured forms of IAA did not change in ways that could account for the disappearance of free IAA as flower buds reached anthesis.
